






6WDUWLQJ FRPSRXQGV DQG VROYHQWV ZHUH SXUFKDVHG IURP 6LJPD$OGULFK)OXND RU $FURV DQG ZHUH XVHG
ZLWKRXW IXUWKHU SXULILFDWLRQ 3DG3(3DG DQG LW¶V KRPRORJV ZHUH V\QWKHVL]HG DFFRUGLQJ WR SXEOLVKHG
SURWRFROV
&ROXPQFKURPDWRJUDSKLFVHSDUDWLRQZDVFDUULHGRXWXVLQJDQGȝPVLOLFDJHOVDQG
ȝP DFWLYDWHG EDVLF DOXPLQLXP R[LGH 7/& SODWHV ZHUH GHYHORSHG HLWKHUZLWK SRWDVVLXP SHUPDQJDQDWH
PL[WXUHJRI.0Q2JRI1D&2P/RI+2RUHWKDQROLFVROXWLRQRISKRVSKRPRO\EGLFDFLG+&DQG3105VSHFWUDZHUHUHFRUGHGDVLQGLFDWHGRQHLWKHUD%UXNHU0+]0+]RU
0+] VSHFWURPHWHU DQG DUH UHSRUWHG DV FKHPLFDO VKLIWV į LQ SSP UHODWLYH WR 706 į    6SLQ

























































































6\QWKHVLV RI GLP\ULVWDPLGRSURSDQ\O WULPHWK\ODPPRQLRHWK\O SKRVSKDWH 0DG3&0DG

JPPRORI0DG3(0DGQRQPHWK\ODWHGSKRVSKRHWKDQRODPLQHZDVPL[HGZLWKP/RI
PHWKDQRO P/ J PPRO RIGLPHWK\OVXOIDWHZDVDGGHG VKRUWO\ DIWHU WKDW7KHPL[WXUHZDV
ZDUPHGXSWR&DQGWKHQDVROXWLRQRIJPPRORISRWDVVLXPFDUERQDWHLQP/ZDWHU



















































,PSURYHG V\QWKHVLV RI GLVWHDUDPLGRSURSDQ\O WULPHWK\ODPPRQLRHWK\O SKRVSKDWH 3DG
3&3DG
J PPRO RI 3DG3(3DG QRQPHWK\ODWHG SKRVSKRHWKDQRODPLQH ZDV PL[HG ZLWK  P/ RI
PHWKDQRO P/ J PPRO RIGLPHWK\OVXOIDWHZDVDGGHG VKRUWO\ DIWHU WKDW7KHPL[WXUHZDV
ZDUPHGXSWR&DQGWKHQDVROXWLRQRIJPPRORISRWDVVLXPFDUERQDWHLQP/ZDWHU










































ZDV DGGHGLQRQHPLQXWHZKLOH WKHPL[WXUHZDV VWURQJO\ VWLUULQJ ,WZDV WKHQ VWLUUHG IXUWKHU PLQDW
&DQGWKHQFRROHGGRZQWR&0HWKDQROZDWHUZDVUHPRYHGXQGHUUHGXFHGSUHVVXUH7RWKHVROLG
UHVLGXHZDVDGGHGPHWKDQRODQGWKHVROYHQWZDVDJDLQUHPRYHGXQGHUUHGXFHGSUHVVXUH7KHQWKHVROLG
ZDV SDUWLDOO\PL[HGZLWK P/RI D VROXWLRQ FRQWDLQLQJ E\ YROXPH&+&O 0H2+  DT























































7KH SUHVVXUHDUHD LVRWKHUPV RI PRQROD\HUV DW WKH DLUZDWHU LQWHUIDFH ZHUH PHDVXUHG ZLWK D /DQJPXLU
WURXJK V\VWHP HTXLSSHGZLWK RQHPRYLQJ EDUULHU 7KH VHWXS LQFOXGHG D VXUIDFH SUHVVXUHPLFUREDODQFH
ZLWK D ILOWHU SDSHU :LOKHOP\ SODWH 7KH UHVXOWV ZHUH SORWWHG DV VXUIDFH SUHVVXUH ʌ YHUVXV DUHD SHU
PROHFXOH$7KHEDUHZDWHUVXUIDFHZDVSURYHGWREHFOHDQE\FRPSUHVVLRQEHIRUHHDFKPHDVXUHPHQW
7KH WHPSHUDWXUH RI WKH0LOOL40LOOLSRUHZDWHU VXESKDVHZDVPDLQWDLQHG E\ XVLQJ D FLUFXODWLQJZDWHU
EDWK7KHFRPSUHVVLRQRIWKHILOPZDVVWDUWHGPLQDIWHUVSUHDGLQJWRHQVXUHWKHFRPSOHWHHYDSRUDWLRQ






WKH XQGXODWRU EHDPOLQH %: +$6</$% '(6< +DPEXUJ *HUPDQ\ E\ JUD]LQJ LQFLGHQFH ;UD\





GLIIUDFWHG VLJQDO D0<7+(1 GHWHFWRU V\VWHP 36, 9LOOLJHQ 6ZLW]HUODQG ZDV URWDWHG WR VFDQ WKH LQ
SODQH4[\FRPSRQHQWYDOXHVRI WKH VFDWWHULQJYHFWRU7KHYHUWLFDOVWULSVRI WKH0<7+(1PHDVXUHG WKH
RXWRISODQH 4] FRPSRQHQW RI WKH VFDWWHULQJ YHFWRU EHWZHHQ  DQG  c 7KH GLIIUDFWLRQ GDWD
FRQVLVWHG RI%UDJJ SHDNV DW GLDJQRVWLF4[\ YDOXHV7KH GLIIUDFWHG LQWHQVLW\ QRUPDO WR WKH LQWHUIDFHZDV
LQWHJUDWHG RYHU WKH4[\ZLQGRZ RI WKH GLIIUDFWLRQ SHDN WR FDOFXODWH WKH FRUUHVSRQGLQJ %UDJJ URG 7KH
WKLFNQHVVRIWKHPRQROD\HULVHVWLPDWHGIURPWKH):+0RIWKH%UDJJURGXVLQJʌ):+04]
7KHLQSODQHFRPSRQHQWLHWKHSRVLWLRQRIPD[LPXP%UDJJSHDNLQWHQVLW\4[WKNSURYLGHVLQIRUPDWLRQ
DERXW WKHODWWLFHVSDFLQJGKN KDQGNDUHWKH0LOOHU LQGLFHVGKN S4[\7KHLQSODQHFRKHUHQFHOHQJWK

































;UD\ UHIOHFWLYLW\ PHDVXUHPHQWV ZHUH FDUULHG RXW DW WKH VDPH EHDPOLQH DV *,;' H[SHULPHQWV 7KH
H[SHULPHQWDOVHWXSDQGHYDOXDWLRQSURFHGXUHVDUHGHVFULEHGLQGHWDLOHOVHZKHUH-HQVHQ
7KHVSHFXODU;UD\UHIOHFWLYLW\;5GDWDFROOHFWLRQZDVSHUIRUPHGE\XVLQJD1D,VFLQWLOODWLRQGHWHFWRU







)URP WKH H[SHULPHQWDOO\ REVHUYHG UHIOHFWLYLW\ FXUYH WKH FRUUHVSRQGLQJ SURILOH FRUUHODWLRQ IXQFWLRQ LV
HVWLPDWHGYLD LQGLUHFW)RXULHU WUDQVIRUPDWLRQ)RUWKLVSURILOHFRUUHODWLRQIXQFWLRQWKHPDWFKLQJHOHFWURQ
GHQVLW\SURILOHLVWKHQGHULYHGE\VTXDUHURRWGHFRQYROXWLRQ1RDSULRULDVVXPSWLRQVRQWKHVKDSHRIWKH











































DW WKH DLUZDWHU LQWHUIDFH DW P1P DQG  & % (OHFWURQ GHQVLW\ SURILOH REWDLQHG IURP WKH [UD\
UHIOHFWLYLW\ GDWD VKRZQ LQ $ RI 6DG3&6DG DW WKH DLUZDWHU LQWHUIDFH EODFN FXUYH $VVXPLQJ D






*HUPDQ\ HTXLSSHG ZLWK D OLTXLGQLWURJHQ FRROHG0&7 GHWHFWRU DQG FRXSOHG WR D /DQJPXLU ILOP




 $ FRPSXWHU FRQWUROOHG ³WURXJK VKXWWOH V\VWHP´ HQDEOHV XV WR FKRRVH EHWZHHQ WKH FRPSDUWPHQW
ZLWK WKH VDPSOH VXESKDVH ZLWK VSUHDG OD\HU DQG D UHIHUHQFH FRPSDUWPHQW SXUH VXESKDVH 7KH
VLQJOHEHDPUHIOHFWDQFHVSHFWUXPIURPWKHUHIHUHQFHWURXJKZDVWDNHQDVEDFNJURXQGIRUWKHVLQJOH
EHDP UHIOHFWDQFH VSHFWUXP RI WKH PRQROD\HU LQ WKH VDPSOH WURXJK WR FDOFXODWH WKH UHIOHFWLRQ







 2OVRQ ) +XQW & $ 6]RND ) & - 9 : 3DSDKDGMRSRXORV ' 3UHSDUDWLRQ RI OLSRVRPHV RI GHILQHG VL]H
GLVWULEXWLRQE\H[WUXVLRQWKURXJKSRO\FDUERQDWHPHPEUDQHV%LRFKLP%LRSK\V$FWD
 $OV1LHOVHQ - -DTXHPDLQ'.MDHU. /DKDY0 /HYHOOLHU ) /HLVHURZLW] / 3ULQFLSOHV DQG DSSOLFDWLRQV RI
JUD]LQJLQFLGHQFH;UD\DQGQHXWURQVFDWWHULQJIURPRUGHUHGPROHFXODUPRQROD\HUVDWWKHDLUZDWHULQWHUIDFH3K\V5HS

 .MDHU . $OV1LHOVHQ - +HOP & $ 7LSSPDQQ.UD\HU 3 0|KZDOG + 6\QFKURWURQ [UD\ GLIIUDFWLRQ DQG
UHIOHFWLRQVWXGLHVRIDUDFKLGLFDFLGPRQROD\HUVDWWKHDLUZDWHULQWHUIDFH-3K\V&KHP





6\QFKURWURQ ;5D\ 6FDWWHULQJ ,Q 1RYHO 0HWKRGV WR 6WXG\ ,QWHUIDFLDO /D\HUV 0|ELXV ' 0LOOHU 5 (GV (OVHYLHU
$PVWHUGDP9ROS

















 0DOWVHYD(%UH]HVLQVNL*$GVRUSWLRQ RI DP\ORLG EHWD  SHSWLGH WR SKRVSKDWLG\OHWKDQRODPLQHPRQROD\HUV
&KHP3K\V&KHP
 0XHQWHU$++HQWVFKHO-%|UQHU+*%UH]HVLQVNL*&KDUDFWHUL]DWLRQRI3HSWLGH*XLGHG3RO\PHU$VVHPEO\
DWWKH$LU:DWHU,QWHUIDFH/DQJPXLU
 )ODFK&5%UDXQHU-:0HQGHOVRKQ5%LRSK\V-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